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Abstract 
With the advancement of recent image processing technologies numerous imaging applications have been 
developed to collect traffic information. In this study, image processing technology is applied to roadway safety to 
detect and measure the conflict between pedestrians and vehicular traffic and investigate the correlations between 
the conflict and signal timing data. By using an image processing technique, pedestrian and vehicular movements are 
detected and the distance between these two are calculated to detect conflicts between them. In this study, Machine 
Learning techniques are utilized to facilitate more accurate and efficient detection. It is assumed that the intersection 
is accident-prone if conflicts between pedestrian and vehicular traffic appear more frequently than other 
intersections and correlations exist depending on the status of signal timing, for example at the end of green signal 
for a particular movement. This approach is expected to identify accident-prone intersections without actually 
experiencing crashes; therefore, this would potentially reduce social costs associated with traffic accidents. 
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1. Introduction 
Pedestrians are vulnerable road users. When they are involved in collisions with vehicles, there are considerably higher 
chances of being severely or fatally injured, while a large number of collisions between vehicles are property damage only. 
Surrogate safety measures has been developed as a complementary method to improve pedestrian safety and offer more in 
depth analysis than relying on historic accident data alone. There is a growing effort to use recent image processing 
technologies for a conflict analysis between vehicles and pedestrians. In this study, vehicle tracking and pedestrian tracking 
technologies currently developed and used are reviewed. 
2. Vehicle Tracking 
Model-based tracking utilizes a priori knowledge of typical objects. For a vehicle tracking, vehicles in an image captured 
from a video are tracked. These methods recognize vehicles. However, this method tends to fail when there is an occlusion for 
the target object. Also, this tracking method is limited in recognizing all the vehicle types on the roadway. 
Region-based tracking method is to identify connected regions of the image associated with each target vehicle. Regions 
are usually acquired from background subtraction. Also, this method utilizes Kalman filters to process available information 
from the image including motion, size, color, shape, texture, and centroid. It is known that this tracking method is 
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computationally efficient and the detection accuracy is generally good in free-flowing traffic conditions. However, if traffic is 
congested – when background images do not change over a short period of time and vehicles partially occlude one another, this 
method tends to have problems, since separating individual vehicles are becoming challenging. Sometimes, such vehicles are 
identified as one vehicle, resulting in low detection rates. 
Contour-based tracking method uses the boundary curves of the moving object. For example, this method tracks 
pedestrians by identifying the contour of a pedestrian’s head. This method is known to have more efficient description of 
objects than region-based methods. However, this method still shares the weakness of region-based tracking when traffic 
condition is congested.  
Feature-based tracking does not track object as a whole in image processing. Instead, this method tracks unique features. 
There features can be points or lines of the object which are distinct from other objects. When the target object is partially 
occluded, some of the distinctive features of the moving object remain visible and detectable, resulting in successful tracking. 
The advantage of this method over other tracking methods is that the same algorithm can be applied for tracking in different 
lighting or traffic conditions. For example, this method utilizes window corners or bumper edges during the day when the 
entire object is visible. During the night, this method uses tail lights, since other features are not detectable in night time 
lighting conditions. Currently, this method is advanced and computational efficient allowing this method to be used in real 
time processing. An example of vehicle tracking is provided in Fig. 1. 
 
Fig. 1 Vehicle tracking [1] 
3. Pedestrian Tracking 
To identify conflicts between vehicles and pedestrians, all movements of vehicular and pedestrian traffic need to be 
tracked from video frames. Especially, this is challenging since pedestrians sometimes move in group and change directions, 
while vehicular movements are somewhat predictable. To overcome the issues and increase the accuracy of tracking, there are 
three tracking methods which are currently popular; tracking by detection, tracking using flow, and tracking with probability.   
Tracking by detection method detects objects using background modeling and subtraction with the current image or 
deformable templates. Tracking using flow is similar to feature based tracking. This method is popular in traffic monitoring 
and pedestrian counting. Tracking with probability uses a Bayesian tracking framework. This method also utilizes other filers 
and methods, such as particle filters, Markov chain, and Monte Carlo methods. An example of pedestrian tracking is provided 
in Fig. 2. Also, Fig. 3 presents an example of vehicle and pedestrian tracking in an intersection. 
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Fig. 2 Pedestrian tracking [1] 
 
Fig. 3 Vehicle and pedestrian tracking [2] 
4. Calculating Conflicts 
To calculate conflicts between vehicular and pedestrian traffic, potential accident-prone conditions need to be identified. 
These conditions are illustrated in Fig. 4 and Fig. 5. Based on the calculated time gap between the vehicle and pedestrian, 
conflict data can be obtained. 
Fig. 4 Left turning vehicle conflict example [3] Fig. 5 Thru moving vehicle conflict example [3] 
5. Preliminary Results and Future Works 
The research team is in a process of developing vehicle and pedestrian tracking method. The team was successfully 
tracked vehicles in a video collected from an intersection in Seoul, Korea (Fig. 6). The team is planning to continue to develop 
the tracking algorithm and calculate the conflicts between vehicular and pedestrian traffic. The team is utilizing Machine 
Learning techniques to reduce the detection error and increase the efficiency of the program. The output of this research is 
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expected to improve traffic analysis [4] by detecting pedestrian and vehicular movements and facilitate more accurate and 
efficient detection. It is assumed that the intersection is accident-prone if conflicts between pedestrian and vehicular traffic 
appear more frequently than other intersections and correlations exist depending on the status of signal timing, for example at 
the end of green signal for a particular movement. This approach is expected to identify accident-prone intersections without 
actually experiencing crashes; therefore, this would potentially reduce social costs associated with traffic accidents. 
 
Fig. 6 Vehicle tracking program snapshot 
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